Introduction
Cypermethrin (CP), a synthetic pyrethroid insecticide, is effective against a wide range of pests in agriculture, public health, and animal husbandry. This agent has a cis and trans isomer structure, and, because of the low vapor of the substance, air accumulation is very low. CP has low solubility in water, but it is highly soluble in organic solvents. It is a hydrophobic substance, which is slowly hydrolyzed at an acidic pH but rapidly at a pH of 9. When CP is applied to agricultural areas, it accumulates in the soil (with a half-life of 2-4 weeks) and water (with a half-life of about 2 weeks) (WHO 1989) . In one study, residue levels of CP in water and hydrosoil samples were investigated, and hydrosoil residues were determined to be approximately 25 µg kg -1 and four months later this level was < 9 µg kg -1 (Hadfield et al. 1993 ). In a previous study, the residues of CP were determined in soil (0.001-0.035 µg g -1
) and in water (0.022-0.090 ppb) in India (Kumari et al. 2008) . In other study, it was revealed that a 0.695 µg L -1 concentration of cypermethrin residue was found in paddy field water and that the river water was contaminated by pesticide residue (Bhattacharjee et al. 2012) . CP is transformed into metabolites via hydrolysis and photolysis in soil and water. The main metabolites are 2,2-dimethyl-3-(2,2-dichlorovinyl) cyclopropanecarboxylic acid (CPA) and 3-phenoxybenzoic acid (PBA). This agent and its metabolites cause environmental pollution (WHO 1989) .
CP is a toxic substance that is taken up by organisms through dermal absorption or the gastrointestinal tract. Since CP is lipophilic, it can reach high concentrations in fatty tissues, skin, liver, kidneys, adrenal glands, and ovaries. This insecticide is rapidly metabolized by hydroxylation and ester cleavage and excreted via glucuronate and sulfate in mammals. The toxic effects of CP are related to the neuronal ion (Na + ) channels. In previous short-term dietary studies, the effects of CP were neurotoxicity in different species, animals, and target organs, which included liver and kidneys (EFSA 2018) . The oral LD50 of CP in rats is 250 mg kg -1 (in corn oil) and 4,123 mg kg -1 (in water) in rats (Ray 1991 , Extoxnet 1996 . CP is practically non-toxic in birds and mammals, but it is highly toxic to bees, fish, and other aquatic organisms. The LC50s (96-hour) of CP in bluegill (Lepomis macrochirus Raf.), and rainbow trout (Oncorhynchus mykiss (Walbaum)) is 2.0-2.8 ppb, and 0.82 ppb, respectively (Bradbury and Coats 1989) . CP is metabolized and eliminated more slowly in fish than in mammals or birds, and can cause high toxicity in fish. The half-life for the elimination of CP in fish is very long (Bradbury and Coats 1989) . The bioconcentration factor of CP in rainbow trout is 1,200 times the ambient water concentration. Therefore, it is known that CP is potentially accumulated in aquatic organisms. Residues of CP have been reported in food (fish, meat, milk, and crops) (Majumder and Kaviraj 2017) . The Acceptable Daily Intake (ADI) and maximum residue limit (MRL) of cypermethrin are 15 µg kg -1 body weight (BW) and 50 µg kg -1 BW in Salmonidae (EMEA 2003) . CP also inhibits ATPase enzymes in the movement of ions by active transport. Disruption of active transport indicates that CP is inherently very toxic to aquatic organisms (Siegfried 1993) . The mode of metabolization and action of CP can generate reactive oxygen species (ROS) that induce oxidative stress, or CP can accumulate in cell membranes and disturb membrane structure because of its hydrophobic characteristic (Muir et al. 1994 ). In the end, CP can cause serious damage to tissues and organs. To minimize the damage by CP, cells improve their intracellular defense system via antioxidant mechanisms, which act by neutralizing ROS. When CP is taken up by fish, it can increase ROS (Sakin et al. 2011 , Gulhan et al. 2012 , Kakoolaki et al. 2013 , Aldemir et al. 2014 ) and enzymes (Orun et al. 2014 , Al-Ghanim 2014 . CP can also lead to immune suppressive (Desi et al. 1986 ) and inflammatory effects by increasing cytokines (Soliman et al. 2015 , Jaiprakash et al. 2018 . In previous studies, researchers preferred natural agents to prevent associated oxidative stress and inflammation (Ravipati et al. 2012 , Arulselvan et al. 2016 . It is reported that allopurinol, vitamin E, and propolis are used as protective agents in fishes exposed to CP (Giray et al. 2001 , Gulhan et al. 2012 , Kakoolaki et al. 2013 , Aldemir et al. 2014 . CR, a flavonoid, is one of these protective agents, and it can be obtained naturally from many plants and is present in propolis and some species of mushroom (Mani and Natesan 2018) . According to previous studies on CR, it is reported to have anti-carcinogenic (Knowles et al. 2000 , Zheng et al. 2003 , antioxidant (Pushpavalli et al. 2010 , Ciftci et al. 2012 , anti-inflammatory (Cho et al. 2004) , and antiviral (Critchfield et al. 1996) properties. It is reported that CR can contribute a significant antiproliferative effect related to the decreased amount of ROS (Knowles et al. 2000) . It is indicated that CR contains antioxidant phytochemicals (flavonoids) and reduces oxidative stress in living organisms (Pushpavalli et al. 2010 , Ciftci et al. 2012 .
Rainbow trout is an important fish species that is rich in A and D vitamins and essential unsaturated fatty acids. This type of fish has thin skin, fewer bones, abundant muscle, and is delicious. Because of 103
Ozge Cerit, Feride Koc these factors, it is the fish most preferred by people in Turkey (Izci et al. 2009 ). Rainbow trout is cultured widely because of its ability to adapt rapidly to varying environmental conditions. It contributes the largest share of fish production through aquaculture in Turkey (Aydin and Baltaci 2017) . It is reported that liver microsomes of carps are much more able to metabolize pyretroids than those of salmonids (WHO 1989) . Therefore, CP can be accumulated in high levels in rainbow trout. These are, therefore, some of the main reasons for choosing this species of fish for the study. Some researchers report that the liver is the main site of detoxification of toxins that enter the body. The liver and kidneys are also related to various metabolic and elimination pathways (Tiwari et al. 2012 , Adeyemi et al. 2014 , Majumder and Kaviraj 2017 . A review of previous studies indicated that the negative effects of CP in fish are reported; however, no studies address the effects of CR on CP-induced acute toxicity in rainbow trout. We hypothesized that CP is a very toxic agent to fish, and CR might be used as a supplement in fish feed too enhance immunity, and it could be used to prevent oxidative stress and inflammation in this fish species. The aim of the present study was to investigate whether CR prevented tissue damage and anti-inflammatory effects of CP-induced acute toxicity in this fish species.
Material and methods

Animals
A total of 60 rainbow trout, weighing 180-220 g, were used in this study. The fish were obtained from a private fish farm (Uzun Yayla, Pýnarbasi, Kayseri (Majumder and Kaviraj 2017 ). An emulsified concentrate containing 7% active ingredient (7% EC) of CP was formulated based on nominal concentrations of cypermethrin in the water. The study was performed with sub-lethal concentrations of the emulsified concentrate (7% EC) of cypermethrin because this formulation is widely used in agriculture. Cypermethrin (Blotic 7% EC, 70 mg mL -1 ) was prepared at the rate of 1/1000 for stock solution in water and was added to the fish tanks from this stock solution. The CP concentration of the tanks was (0.4 µg L -1
) for a day. The rainbow trout were exposed to 0.4 µg L -1 cypermethrin for 10 days.
Experimental design
The research was performed in 12 tanks (125 L, fiberglass) with fresh water flow. The trout were divided into 6 groups of 10 fish in each. The experiment was designed to deliver CR in the feed and to expose the fish to CP in the water for 10 days. The effects of chrysin on cypermethrin-induced acute intoxication in rainbow trout... 104 CR 1.25 g kg -1 diet, and Group 6: CR 2.5 g kg -1 diet.
Six hours after the last dose (CR), the fish were lightly anesthetized with Tricaine-S (30 mg L -1 ). After the fish were anesthetized, 2 mL of blood was drawn from the caudal vein and tissue samples (liver and kidneys) were collected. Blood samples were centrifuged at 4000 rpm for 10 minutes at +4°C, and the serum was removed and transferred to tubes. The serum was stored in a deep freeze (-80°C) until IL-1â, IL-6, IL-10, and TNF-á levels were measured. Some serum was maintained at +4°C to determine the activity of liver function enzymes (ALT, AST). Liver and kidney tissues were stored in a deep freezer (-80°C) to determine antioxidants (MDA, SOD, CAT, and GSH-Px)
Biochemical tests
The protein level in tissue was determined according to the method described by Lowry et al. (1951) and modified by Miller (1959) . The results are expressed as mg-protein mL -1
. For analyses, the liver and kidney tissues of the fish were dissolved and washed with ice-cold, deionized water. Then, one gram of tissue was added to PBS (7.2 pH) at a rate of 1:10, and the mixture was homogenized with a homogenizator. The homogenate was centrifuged at 20,000 × rpm for 1 h and the supernatant was transferred into Eppendorf tubes for lipid peroxidation analysis. MDA (TBARS), SOD, GSH-Px, CAT, IL-1â, IL-6, IL-10, and TNF-á levels were determined according to kit procedures. Measurements were performed on an ELISA (Synergy H1 reader, BioTek) at different wave lengths. Serum ALT and AST levels were measured in accordance with the recommendations of the International Federation of Clinical Chemistry and Laboratory Medicine (IFCC) on a Roche-Hitachi Cobas C 501 system.
Statistical data analyses
Data are expressed as means ± standard deviation (SD) in each group. The SPSS statistics program (SPSS, version 21.0, IBM Corp.) was used for statistical evaluations. For statistical analyses, the oxidant and antioxidant enzymes were subjected to one-way ANOVA variance followed by Tukey's range test and were accepted as significant at P < 0.05.
Results
Biochemical results
Serum ALT and AST activities of the groups are shown in Table 1 , which shows that the activities of ALT and AST increased significantly in the CP group when compared with the control group (P < 0.05). Decreased levels of these enzymes were observed in the CP + CR-treated groups when compared to the CP group. The ALT activities of the other groups (1, 3, 4, 5, 6) were similar. Changes in ALT activity were significantly higher than those in AST activity in the CP group. There was no statically significant differences depending on the doses of CR in ALT activity.
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The IL-1â, IL-6, IL-10, and TNF-á levels of all the groups are shown in Table 2 . In the present study, when the CP group and control group were compared, there were statistically significant increases for IL-1â, IL-6, and TNF-á levels, but IL-10 decreased in the CP group (P < 0.05). When the CP + CR groups and CP group were compared, the IL-1â, IL-6, and TNF-á levels of the fish decreased significantly, but the IL-10 level increased in the CP + CR2 group. The cytokine results of the CP + CR2 group did not differ when compared to the controls. The effects of CR were dose-dependent in the groups exposed to the toxin. The differences were statistically significant (P < 0.05).
The MDA, SOD, GSH-Px, and CAT levels/activities of the groups are shown in Table 3 (liver) and Table 4 (kidneys). When comparing the CP group with the control group, the MDA levels increased significantly, but the SOD, GSH-Px, and CAT levels/activities decreased in the liver tissues of the fish. The differences between the CP and CR-treated groups (3, 4, 5, 6) were statically significant. The administration of CR decreased MDA levels, but the SOD, GSH-Px, and CAT levels/activities increased statistically significantly in the liver tissues of the fish (P < 0.05). The positive effects of CR were not dose-dependent for MDA and SOD levels/activities in the liver tissues of the fish. Table 4 shows the kidney tissues of the fish. The comparison of the CP-induced toxication group with the control group indicated that the MDA levels increased significantly, but SOD, GSH-Px, and CAT levels/activities decreased (P < 0.05). However, when the CP group and CP + CR groups were compared, the differences observed were statistically significant (P < 0.05). The administration of CR decreased MDA levels, but SOD, GSH-Px, and CAT activities increased in the kidney tissues of the fish. The effects of CR were not dose-dependent only for GSH-Px levels, The effects of chrysin on cypermethrin-induced acute intoxication in rainbow trout... 106 Table 2 Effects of the administration of CR and exposure to CP on serum levels of interleukin-1 beta (IL-1â), interleukin-10 (IL-10), tumor necrosis factor-á (TNF-á), and interleukin-6 (IL-6) in fish but there were related to dose for SOD and CAT activities in kidney tissues. In addition, CR was not affected in the MDA levels of the toxic groups.
Discussion
Cypermethrin is a very toxic agent in fishes. It has an effect on both glutation and inflammation mechanisms. CR is an antioxidant and anti-inflammatory agent. Previous studies indicated that AST, ALT, and GDH levels were affected in C. carpio exposed to CP (Al-Ghanim 2014). In another study performed by Orun et al. (2014) in rainbow trout, three different sub-lethal doses of CP exposure resulted in increased ALT and AST levels depending on the dose in the toxic groups. In their study on CP exposure in rainbow trout, Velisek et al. (2006) reported that AST activity increased and ALT activity did not change. Borges et al. (2007) reported that in Rhamdia quelen (Quoy & Gaimard) three different sub-lethal doses of CP resulted in changes of ALT and AST activities depending on both the duration and dose of toxication. A review of studies also indicated that ALT and AST levels increased with CP toxication in all animal species. The current results are consistent with the results of previous studies. Increased ALT activity is known to indicate general hepatocellular injury, while AST activity is known to be indicative of mitochondrial damage (Giannini et al. 2005 , Kim et al. 2008 . Previous studies also suggest that CP causes liver damage (Velisek et al. 2006 , Borges et al. 2007 , Orun et al. 2014 ). This might be associated with the formation of free radicals that are oxidized by the cytochrome P-450 enzyme system via the effects of CP. It is reported that free radical formation by CP in the liver results in the inhibition of hepatic ATPase activity; thus, there is necrosis, inflammation, and cytoplasmic hypertrophy in the hepatocytes (Gomaa et al. 2011) . It is reported that the inhibition of ATPase activity causes hepatocyte damage because of changes in the active transport of Na+, K+, and Ca2+ ions by CP (Jee et al. 2005 , Manal et al. 2017 . Synthetic pyrethroids are converted to non-stabilized cyanides and aldehydes in the liver. These metabolites might be responsible for cellular damage, decreased ATPase activity, and increased free radicals in the liver (WHO 1989) . In previous studies, it is reported that CP causes increased enzymes and oxidative stress in fishes (Atamanalp et al. 2002 , Jee et al. 2005 , Velisek et al. 2006 , Borges et al. 2007 , Sakin et al. 2011 , Gulhan et al. 2012 , Kakoolaki et al. 2013 , Aldemir et al. 2014 , Orun et al. 2014 , Al-Ghanim 2014 . SOD and GSH are important antioxidants in the intracellular protective mechanism (ChaudiPre and Ferrari-Iliou 1999, Gutteridge 1995 , Birben et al. 2012 , Kurutas 2016 . MDA is one of the most important indicators of oxidative stress resulting from the peroxidation of polyunsaturated fatty acids (Nielsen et al. 1997 ). Increasing MDA, GOT (glutamic oxaloacetic transaminase), and GPT (Glutamic pyruvic transaminase) levels/activities in the serum of exposed to CP Sebastes schlegeli (Hilgendorf) was 107
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In the CP + propolis-treated group compared to the CP group, CAT activity increased and MDA level decreased. Aldemir et al. (2014) reported that CAT activities and MDA levels increased in fish exposed to CP compared to the control group and that CAT activities and MDA levels decreased in the CP + propolis group compared to the CP group. Sakin et al. (2011) reported that CP caused oxidative stress. When the CP-exposed group was compared with the control group, the level of MDA increased significantly, while the activities of CAT, GSH, and GSH-Px decreased significantly in the rainbow trout group exposed to CP. Our results are similar to previous studies in fish and other animals that exposed to CP (Jee et al. 2005 , Sakin et al. 2011 ) and propolis-treated in fishes exposed to CP (Gulhan et al. 2012 , Kakoolaki et al. 2013 , Aldemir et al. 2014 . The effect of CP on lipid peroxidation can be either direct or indirect because of its hydrophobic structure. CP can induce oxidative stress and, as a hydrophobic compound, it can accumulate in cell membranes and disturb their structures. Impaired membrane structure can result from free radical formation by inducing oxidative stress (Muir et al. 1994 ). In addition, this indirect mechanism can also contribute to changes in ion transport in cell membranes from ATPase inhibition. A review of past studies indicated that many antioxidant substances were used to protect against the adverse effects of CP in many fish species (Giray et al. 2001 , Gulhan et al. 2012 , Kakoolaki et al. 2013 , Aldemir et al. 2014 . Flavonoids, such as propolis, have been shown to have antioxidant effects by inhibiting xanthine oxidase and influencing flavonoids in superoxide anion radicals (Borges et al. 2007 , Kakoolaki et al. 2013 . CR, an important flavonoid, is a high-level substance in propolis, and it can reduce free radical formation by inhibiting xanthine oxidase. Therefore, CR can prevent oxidative stress.
Cytokines are hormone-like proteins produced by various cell types (macrophages and T cells), and they play a role in the formation of immune and inflammatory responses. In addition, microbial products such as lipopolysaccharide can also secrete their own cytokines by direct stimulation of mononuclear phagocytes. According to their main effects, cytokines are divided into subgroups. TNF is secreted especially from microorganisms, particularly macrophages, T cells, active NK cells, and active mast cells, which are activated in response to the lipopolysaccharides of gram-negative bacteria. TNF is an important mediator and provides neutrophil and macrophage adhesion in infected sites by stimulating endothelial cells. TNF also affects the hypothalamus in fever formation and facilitates acute phase protein production. There are two types of TNF: TNF-á, is released from active macrophages, and TNF-â (lymphotoxin) is released from active T cells. IL-1 is an inflammatory cytokine produced by activated macrophages. It is similar to TNF-á in terms of effectiveness and helps to activate T cells. IL-6 is synthesized by mononuclear phagocytes, vascular endothelial cells, fibroblasts, epithelial cells, and some active T cells. The most prominent effects of IL-6 are on hepatocytes and B lymphocytes. Il-6 causes a release of immunoglobulin from B lymphocytes, acts as a growth factor for B lymphocytes, and leads to the synthesis of many plasma proteins by hepatocytes. These proteins contribute to the acute phase response in inflammation. IL-10 is produced by some active B cells, TH cells, active macrophages, and some non-lymphocytic cell types (keratinocytes). This cytokine has an effective inhibitor, and this effect results in a reduction of the immune response. IL-10 has two important effects. Firstly, it inhibits the production of cytokines (TNF-á, IL-1, IL-12, chemokine) by macrophages and the secondly, it can prevent functions of macrophages in T cell activation. TNF-á, IL-1â, and IL-6 are pro-inflammatory cytokines and IL-10 is known as an anti-inflammatory cytokine (Guner et al. 1997) .
A review of the literature on CP-toxication in fish revealed no studies on cytokine levels in fish. However, Soliman et al. (2015) reported that sesame oil (SO) was used against CP-toxication rats. Albumin, urea, creatinine, GPT, GOT, lipid profiles, IL-1â, IL-6 levels, and TNF-á mRNA expression increased, but CAT, SOD, GST levels, and IL-10 mRNA expression decreased in the CP group compared to the control. Co-administration of SO with CP normalized these biochemical changes. CP-induced degeneration produces changes in kidney and liver tissues that are ameliorated by SO. The current study results are consistent with those found in the literature (Soliman et al. 2015) .
There might be interactions during excretions between CP and CR. Namely, CR has an inductive effect on enzyme (UDP-glucosylic acid) synthesis (Walle et al. 2000) . CP can be eliminated as inactive metabolites via glucuronic acid coupling reactions (Edwards et al. 1987 ). This enzyme can increase with the use of CR, thus increased enzyme can increase the metabolism and excretion of CP.
In conclusion, the results of the current study showed that CP stimulates oxidation and inflammation in fishes. Administering CR contributed to antioxidant activity by the inhibition of free radicals, increased antioxidant enzymes, and reduced inflammation via the decrease of cytokines in CP-induced toxicity in fish. In the future, if CR-supplemented fish food is used in fish farming, it might be beneficial in enhancing antioxidant capacity and anti-inflammatory effects. CR is recommended as an immunity enhancer agent in fish.
